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ABSTRACT 
This investigation involved a study of the settlement of footings 
on sand. The primary purpose was to use the elastic properties of the 
soil in developing an analysis which would closely approximate the 
settlements of several different footings on sand. The footings ranged 
from one square foot to four square feet in area and the actual 
settlements were measured by load tests. 
Secondary purposes of the research were to evaluate the effect 
of inundation on the oearing capacity and settlement as compared with 
the foundation on dry sand. 
The method of approach was to first perform a series of 
laboratory tests to determine the physical and elastic properties of 
the sand* A natural river sand having a specific gravity of 2.6U was 
used. It was sub-angular in shape and uniformly graded with a uniformity 
coefficient of 1.7» The modulus of elasticity as used was the instantan­
eous tangent modulus for increasing vertical pressure with constant 
lateral pressures. 
Although it is possible to compute theoretically the stresses 
at any depth below a loaded foundation, the process is involved and 
somewhat inaccurate due to the soil not being perfectly homogeneous and 
elastic. For those reasons, it was decided to make simplifying assump­
tions with re ard to trie stress distribution caused by the applied 
loads. This entailed a division of the affected depth into incremental 
layer thicknesses and calculation of the average pressure throughout 
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each layer. Using the relationships between lateral pressure, vertical 
pressure, modulus of elasticity, plate size and pressure distribution, 
the theoretical load-settlement curve was established for each footing. 
Next, full-scale load tests on the soil were made with the five 
plate sizes. The tests were performed with the sand in both a dry and 
a flooded state. 
The results of calculations and tests indicate that it is 
possible to predict the contact settlement at least to an extent which 
would indicate whether or not excessive differential settlement would 
occur between two or more footings of the same building. For the dry 
footings, the maximum error was approximately . 50$ for the one square 
foot plate, wiiich had a total settlement of only 0.05 inches at 1000 
psf load. For the larger plates, which had settlements from 0.15 inches 
to 0.U5 inches, the maximum error was 29$. Under the flooded footings, 
the maximum error was approximately 35^ after discounting the obviously 
incorrect experimental values obtained for the k square foot plate. 
These results can be obtained by the use of laboratory tests at 
a considerable saving in both time and money as compared with the only 
other method used—the load test method. Although positive results are 
indicated, dependency is placed on an assumption as to the variation of 
lateral earth pressure from the "at rest" to the failure value and 
considerable work is needed to ascertain the validity of this assumption. 
Based on theoretical methods, the bearing capacity of an inun­
dated foundation is reduced by a ratio of the effective weight of the 
flooded soil over that of the dry material. This reduction is 
calculated to be approximately 50/' while the test results show the 
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reductation to be closer to 2$%• The difference cannot be explained on 
the basis of our present theories. 
No well-defined ratio was found for settlement after flooding when 
compared at the same applied pressure although the occurrence of 
additional settlement is clearly demonstrated. 
CHAPTER I 
INTRODUCTION 
The prime requirement of a foundation is to safely transmit to 
the ground, the stresses induced into it by the supported load. This 
implies that not only must the bearing capacity (strength) of the soil 
be sufficient to withstand the load but, also, differential settlement 
between two or more footings must be of a magnitude which will not cause 
structural failure of the building. 
Although there are several different schools of thought on the 
bearing capacity of soils, the primary problem to be dealt with in this 
paper is settlement. In the cohesive soils, the method of analysis of 
settlement is very well defined. Test procedures have been devised for 
determining the amount of settlement which will occur in a particular 
soil under the loading it will carry. While the cohesive soils are the 
greatest contributors to settlement, the coarse-grained or non-cohesive 
soils also may play an important role and, as yet, no method of analysis 
has been developed which utilizes the results of relatively simple lab­
oratory tests. 
The "load test" method is one which is being widely used and, 
when properly conducted, can be a valuable asset in design. The proce­
dure is to use a model of the footing, which is often a one square foot 
plate. Having located it at critical positions corresponding to the 
full-scale footing locations, loads are placed on the plate in increments 
until a total load is reached which is well above the allowable soil 
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p r e s s u r e . Under each increment o f load , the s e t t l emen t i s accurately-
measured and recorded i n the form o f a " load- se t t l emen t c u r v e " . 
The load t e s t i s u s e l e s s un less i t s r e s u l t s are i n t e r p r e t e d i n 
terms o f the f u l l - s i z e d f o o t i n g . For sands, the fol lowing express ion 
has been proposed from the work o f Terzaghi and Peck ( l ) : 
^ ( f o u n d a t i o n ) .y>( p l a t e ) x --jfJV \̂ 1 
where: p = s e t t l emen t 
if z width o f foo t ing 
bp 5 width o f p l a t e 
The con tac t se t t l emen t o f foundations which a re f i v e or more 
f e e t wide on sand i s approximately three times the se t t l emen t o f a one 
foo t square t e s t p l a t e with the same s o i l pressure or approximately two 
times the se t t l ement o f a two foo t by two foot t e s t p l a t e . 
Although s t reamlined methods and s imp l i f i ed procedures have been 
developed ( 2 ) , the "load t e s t " method fo r determining con tac t s e t t l e ­
ment on sands i s an expensive and time consuming approach. I t i s 
e s p e c i a l l y so when the area under cons idera t ion i s l a r g e and embraces 
s o i l s o f varying d e n s i t i e s . Under these condi t ions i t would be 
necessa ry to determine the se t t l ement which could be expected a t each 
foo t ing l o c a t i o n in order t o c o n t r o l d i f f e r e n t i a l s e t t l e m e n t . 
While one may argue tha t i n t h i s s i t u a t i o n , the p l a t e load t e s t 
w i l l give not only the se t t l ement values but bear ing c a p a c i t y values 
i n addi t ion and i s t h u s l y expedient ; the bear ing c a p a c i t y o f sand i s 
u sua l ly not the c o n t r o l l i n g f a c t o r f o r l a rge foundat ions . 3a the r , the 
se t t l ement c h a r a c t e r i s t i c s o f the s o i l predominate and, more of ten than 
not, the information gathered from the preliminary test boring records 
is sufficient to set limits on bearing capacity values* 
The main purpose of this thesis is to develop an analysis for 
predicting contact settlement of foundations on sand* This involves 
studies of the elastic properties of a sand (as determined from 
laboratory tests) and correlation of the laboratory results with full-
scale load tests* A secondary purpose was to note the effect of 
inundating the footings on the bearing capacity and settlement. 
THEORY OF SETTLEMENT 
The theory of elasticity has come into common use for determin­
ing stresses in a soil mass due to an externally applied load. The 
assumption is made that the stress distribution is the same as that 
which would occur in a semi-infinite, homogeneous, isotropic, and elas­
tic medium. Under this set of conditions, strain would be proportional 
to stress. Although it is not necessary for the medium to be elastic 
for the theory to be applicable, the ratio between stress and the 
corresponding strain must remain a constant. 
Boussinesq (3) developed expressions for the stress components 
caused by a perpendicular, point, surface load at points in an idealized 
elastic mass. These components and their coordinates are shown in 
Fig. 1. The expression for the component, is 
The settlements themselves may be caused by the combined effects 
of consolidation resulting from vertical stresses and lateral and upward 
displacement due to shearin ; stresses. The settlement of a foundation 
on soils other than very soft clays is due primarily to the vertical 
component; therefore the analysis is usually based on a study of only 
this vertical component. Since the stress is proportional to l) the 








Fig, 10 Streses In cylindrical cordinates caused by a surface, Yertical, point load. 

FIG. 3„ CHART FOR DETERMINING VERTICAL STRESSES BELOW CORNERS OF LOADED 
RECTANGULAR SURFACE AREAS ON ELASTIC, ISOTROPIC MATERIAL. 
CHART GIVES FB(M,N)J <rz - Q. 1 FB (M,N) 
the equat ion can be w r i t t e n as 
5,*,'' {M* ^•hl 
yaM- y£ ft 
where: q - uniform i n t e n s i t y o f surface loading on a r ec t ang l e o f 
dimensions mz by n z . 
The absence o f the term "z" i n the above express ion shows the 
v e r t i c a l stress a t any depth t o be a funct ion o f the i n t e n s i t y of l o a d ­
ing and the dimensions m and n . 
A "Chart" ( £ ) which r ep re sen t s Equation h f o r u n i t loading i n ­
t e n s i t y and for values o f m and n from 0 , 1 t o 10 i s given i n F i g . 3 . 
Observations o f a c t u a l s e t t l emen t s have shown t h a t the 
Boussinesq equat ions give values which are too l a r g e i n most c a s e s . 
S i n c e the cond i t ions e x i s t i n g in p r a c t i c e are seldom, i f e v e r , e x a c t l y 
comparable t o those upon which a v a i l a b l e formulae are based, c e r t a i n 
I n a c c u r a c i e s are in t roduced . These e r r o r s a re i n addi t ion t o those due 
t o the n o n - e l a s t i c nature o f the s o i l which a r e , themselves , o f unknown 
where: N f l i s the Boussinesq index f o r the v e r t i c a l s t r e s s . A curve 
o f Ng vs r / z i s very usefu l i n computations and i s shown i n f i g * 2 . 
Newmark (h) has i n t e g r a t e d Equation 3 t o der ive an express ion 
for s t r e s s e s a t a po in t below a corner o f a uniformly loaded r ec t angu l a r 
a r e a . This equat ion i s : 
magnitude <> 
In deal ing wi th cases such as t h a t of a sand stratum near ground 
su r f ace , the assumption o f a p r o p o r t i o n a l i t y between s t r e s s and s t r a i n 
which does not change wi th depth i s f a r from c o r r e c t (6). Furthermore, 
a p p l i c a t i o n s o f e l a s t i c theory t o s o i l cannot be j u s t i f i e d un less the 
s t r e s s changes t h a t a re t o occur i n the given case are t o be i n c r e a s e s 
only and un less the shearing s t r e s s e s are to be small r e l a t i v e t o the 
shearing s t r e s s e s t h a t would cause f a i l u r e (7). I n sand d e p o s i t s , the 
p ressures on v e r t i c a l p lanes tend to be very much sma l l e r than those 
occuring on h o r i z o n t a l p l a n e s . Due t o these reasons , sur face- loaded 
sands are e l imina ted from the range o f a p p l i c a t i o n o f formulae based 
s o l e l y on the e l a s t i c theory . 
The f a c t o r s which a f f e c t the se t t l emen t o f foundations on sand 
a r e : 
1 ) foo t ing width 
2) load per u n i t area a t the foot ing base 
3 ) ins tantaneous modulus o f e l a s t i c i t y 
and, h) e f f e c t i v e confining p r e s s u r e . 
Furthermore, the ins tan taneous modulus o f e l a s t i c i t y a t a given 
v e r t i c a l pressure ( E x - ) i s a func t ion o f the conf in ing pressure ( < ^ ) , 
which i s , i t s e l f , d i r e c t l y r e l a t e d t o the foo t ing width, v e r t i c a l 
p r e s su re , and depth ( z ) beneath the base o f the f o o t i n g . With i n t r o ­
duct ion o f neu t r a l s t r e s s (u) caused by a s lowly r i s i n g water t a b l e , 
the e f f e c t i v e weight o f the s o i l i s reduced, thereby reducing the 
conf in ing p r e s s u r e . 
As can r e a d i l y be seen, the p rocess o f se t t l emen t i s very complex 
and most i n v e s t i g a t o r s have reached the conclus ion t h a t the magnitude 
o f these se t t l emen t s cannot be p red ic ted on the b a s i s o f the r e s u l t s 
o f l a b o r a t o r y t e s t s . This w r i t e r has attempted to show t h a t an a n a l y s i s 
which embraces the i n t e r r e l a t i o n between these v a r i a b l e s can very 
c l o s e l y p r e d i c t the s e t t l e m e n t . I t should be emphasized tha t while the 
method he re in presented i s considered v a l i d , i t i s based on an assump­
t i o n as t o the v a r i a t i o n o f the conf ining pressure with i n c r e a s i n g 
values o f v e r t i c a l p r e s s u r e s . This assumption I s Da r t l y borne out by 
o ther work (8) but i s not considered t o be a d e f i n i t e r ep re sen ta t i on 
u n t i l v e r i f i e d by fu r the r exper iment . 
For deep foundations the magnitude o f t h i s e f f e c t i s n e g l i g i b l e 
i n comparison wi th the l a t e r a l pressures due t o the surcharge; however, 
t h i s e f f e c t i s o f cons iderable importance when the foundation i s a t or 
very c l o s e t o ground l e v e l . 
The c a l c u l a t i o n o f the amount and r a t e o f se t t l ement o f a founda­
t i o n r equ i r e s a knowledge o f the s t r e s s d i s t r i b u t i o n through the s o i l 
a f t e r the s t r u c t u r e has been e r e c t e d . 
Bes ides the determinat ion o f the s t r e s s d i s t r i b u t i o n based on 
the Boussinesq equa t ions , s i m p l i f i e d methods are of ten employed i n 
p r a c t i c e which assume tha t the load i s c a r r i e d down on a 2 : 1 spread and 
t h a t the s t r e s s d i s t r i b u t i o n i s uniform on any given h o r i z o n t a l p l a n e . 
The i n t e n s i t y of v e r t i c a l pressure along any v e r t i c a l l i n e 
beneath a d i s t r i b u t e d load decreases wi th i n c r e a s i n g values o f the depth 
n z " below the s u r f a c e . Therefore , i f the compressible l a y e r i s very 
t h i c k , the v e r t i c a l pressure i n the l a y e r decreases a p r e c i a b l y from 
the top t o the bot tom. However, the compression o f a t h i n l a y e r depends 
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merely on the average vertical pressure, which is roughly equal to the 
vertical pressure at mid-height of the layer. When the compressible 
layer is relatively thin, the change of pressure with depth can be dis­
regarded, and it may be sufficiently accurate to compute the intensity 
and distribution of the pressure on a horizontal plane at mid-height 
of the layer. 
Laboratory tests have shown that a sand in an at-rest condition 
exerts a lateral pressure equal to approximately one-half the vertical 
pressure. When the vertical pressure on a horizontal plane at ground 
level is increased until a bearing capacity failure occurs, the 
corresponding vertical and lateral pressures are given by the formulae 
(1): 
= M T,„>(4ST%) £<?. S 
<J,= F*A,*(45 + %) £<?. 6 
where: 7F - effective weight of the soil 
B = footing width 
(F> - angle of internal friction of 
the soil 
If the soil is assumed to be elastic, for ranges of pressure 
below the failure load, the settlement due to an incremental increase in 
pressure can be computed from the expression: 
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wheret H = thickness of layer 
A<T,= increase of the average vertical stress 
through the layer 
- instantaneous modulus of elasticity 
Of the three variables, two can be evaluated. The layer thick­
ness can be taken as a fraction of the total depth affected by the 
pressure at the footing base. The increase of the average vertical 
stress through the layer can be computed by the Boussinesq equation or 
by assuming a definite straight line relationship between stress and 
depth beneath the footing. 
This leaves only the modulus of elasticity, which is a function 
of the confining pressure. The lateral pressure is directly related 
to the footing width, as shown by Equation 5» A study of compression 
diagrams ( 6 ) shows the stress-strain relationship to be proportional to 
the internal, or intrinsic, pressure; therefore, with increasing depths 
below ground surface, all stress-strain ratios of soils increase. 
Since the modulus of elasticity of the soil increases, it is ap­
parent from Equation 7 that for equal layer thicknesses and equal stress 
increases, the layer which is at a greater depth will have the smaller 
amount of settlement. To compensate for this phenomena as well as for 
the fact that the load is spread over a larger area with increasing 
depth, the analysis used here assumes that each layer thickness acts as 
an independent unit at stresses below the bearing capacity of the soil. 
A step-by-step formulation of the analysis is presented in the 
Chapter on Experimental Proceduree 
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CHAPTER I I I 
EQUIPMENT 
The equipment cons i s t ed p r imar i l y o f a load t e s t r i g , a vacuum 
shear device and a s p e c i a l mold to measure l a t e r a l s t r a i n s due to 
v e r t i c a l p r e s s u r e s . A t e s t p i t was a l s o a necessa ry pa r t of the equ ip ­
ment. 
A p i t s i x f e e t wide, twelve f e e t i n l eng th and f i v e f e e t i n 
depth was cons t ruc ted and l i n e d with concre te i n order t o have a n e a r l y 
water t i g h t compartment i n which p l a t e load t e s t s could be made on dry 
sand. This p i t was a l s o provided with a pe r fora ted pipe on the bottom 
through which water could be introduced or withdrawn. The p i t was o f 
such dimensions t h a t boundry e f f e c t s would be qu i t e smal l when a two 
foo t by two f o o t square p l a t e was used . 
The load t e s t r i g cons i s t ed o f an "A-frame" which furnished a 
r e a c t i o n f o r an hydraul ic ram pushing downward on a t e s t p l a t e . 
Anchorage was provided by using four ea r th anchors , two a t each end o f 
the "A-frame". F i g . h shows the s e t - u p . D e f l e c t i o n o f the p l a t e was 
measured by means o f two micrometer d i a l gages mounted independently o f 
the "A-frame" and p l a t e . D e f l e c t i o n s under succes s ive increments o f 
loads were measured t o one one-thousandth o f an i n c h . 
The vacuum shear device i s shown in F i g . 5 and was a standard 
t r i a x i a l shear t e s t i n g machine. 
The l a t e r a l s t r a i n mold was a s t a i n l e s s s t e e l c y l i n d e r four 
inches i n diameter ( F i g . 6 ) . The cy l inde r was sawed h a l f way around 
lit 
i t s c ircumference so t h a t i t c o n s i s t e d o f 3/h inch bands as one h a l f 
o f the c y l i n d e r . An SR-1* s t r a i n gage was mounted on one o f these 
bands, extending from one end o f the band t o the o t h e r . 
The s o i l used i n these t e s t s was a n a t u r a l r i v e r sand from the 
Chattahoochee R ive r near A t l an t a , Georg ia . I t s p h y s i c a l p r o p e r t i e s 
are as fo l lows : 
a* sub-angular 
b . uniform ( see appendix f o r gradat ion curve) 
c . s p e c i f i c g rav i ty—2.61 ; . 
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CHAPTER IV 
EXPERIMENTAL PROCEDURE 
To obtain stress-strain relationships for this sand, vacuum shear 
tests were performed using values of G5 > or lateral pressure, rang­
ing from two hundred pounds per square foot to five hundred pounds per 
foot. 
From the stress strain curves, the instantaneous tangent modulus 
of elasticity for each lateral pressure was determined at various values 
of vertical pressure. In Fig. 7 these values are shown as modulus 
of elasticity (arithmetic scale) versus vertical pressure (log scale) 
for constant values of lateral pressure. This form of curve was chosen 
to facilitate the determination of modulus of elasticity at low lateral 
pressures. 
Next, the coefficient of earth pressure at rest was determined 
by use of the special lateral pressure device. The mold was filled with 
the soil to a point just below the band to which the strain gage was 
affixed and this material compacted by static pressure under a greater 
load than would be used in making the lateral pressure measurements* A 
loose layer was then placed in the mold covering the ^age band by 
approximately one-half inch and a zero reading taken onihe strain in­
dicator. Loads were then applied to the soil and strain readings taken 
under each increment. These strains were converted into stress 
measurements and correlated with the vertical pressures. The coefficient 
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thus obtained was O.lr? and used as 0.^0 in the calculations. 
To use the formula, AH = H Aoj . ^ variation of CT5 
with 0t for the particular soil must be determined. For that purpose, 
curves of 03 versus 0, were constructed for different values of "b" 
(Fig. 8 ) , Equivalent plate widths were calculated for the incremental 
layer thicknesses as the average of the top and bottom widths. Since 
the actual variation pattern is now known, these curves were initially 
assumed to be straight lines connecting the "at rest" values with the 
"failure" values; the failure stresses assumed to be those given by the 
Sowers1 formulae. 
Referring to Fig. lh> it is evident that a logical value of layer 
thickness should be some ratio of the plate width, this permits the use 
of a dimensionless parameter which can be extended to any size foundation. 
Using a stress spread of two vertical to one horizontal, a reasonably 
close approximation of the theoretical stress spread, a relation was 
established between width of footing, "b", average pressure through 
a layer of thickness b/hy width of the area over which the average 
pressure acted and the effective weight of the soil corresponding to the 
mid-height of the layer. 
From the data thus obtained, the settlement curve for each 
individual plate was prepared by applying incremental loads to the foot­
ing and calculating the resulting settlement. (Figs. l£ & 16). 
In order that the i,ethod may be clearly understood, the following 
example is given. 
The settlement of the two square foot plate on dry sand due to 
an increase of footing pressure from 800 psf to 1200 psf is? 
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From Fig. lU—the average applied stress on the footing is 1000 
psf. The average applied stress on an area at the mid-heights of the 
layers is, (.79) x 1000, (.53) x 1000, (.379) x 1000 and (.28U) x 1000 
respectively. 
Due to the weight of the soil, the total average stress on the 
layers is increased to 806 psf, 579 psf, U60 psf, and 398 psf respectively. 
From the plot of c^vs. (J, (Fig. 8), the following values are 
obtained: 
a. Using b» = 19.1";4for layer 0-bA = 295 psf 
b. Using b' - 23.2i";<5for layer b/U-b/2 = 230 psf 
c. Using b» = 27.7u;<£for layer b/2-3b/U = 195 psf 
d. Using b' = 31.9"; ̂ for layer 3bA-b = 180 psf 
From Fig. 7 s 
a. E for 0-bA - ML x 10^ 
b. E for c-A-b/2 - .68 x 10*' 
c. E for b/2-3bA z .90 x 1 0 S 
d. E for 3bA-b Z ' 9 6 X 10* 
The value A C , : 
a. Zone 0-bA I = .790(1200 - 800) = 316 psf 
b. Zone B/K-B/2 ; AC, - .530(1200 - 800) = 212 psf 
c. Zone b/2-3bA; AC, r.379(1200 - 800) = 152 psf 
d. Zone 3bA-D Ac, - .281.(1200 - 800) Z LLH psf 
AH - (ACT, )H where: K = B/H = K.2$" 
a. Zone 0-bA ; - (316) I4.25 - .0286" 
3f x 10^ 
b. Zone B/H-B/2 ; A H z (212) i|.25 - .0132" 
V68' x W T 
c. Zone b/2-3bAj = (152) [[.25 - .0072" 
* 790 x Tov" 
d. Zone 3bA0b ; A H - (lllj.) Iu25 - .0050" 
"79*6 xTG*"" _ 
Total Settlement = •OTYIO"" 
In the case o f the flooded sands, the re i s a reduct ion o f the 
e f f e c t i v e weight o f the s o i l and s ince the conf in ing p res su re , & 5 , I s 
a funct ion of t h i s p ressure , the re i s an i n c r e a s e i n the s e t t l e m e n t . 
Once again , i t was necessary t o use a bea r ing c a p a c i t y formula, 
t h i s t ime one which inc luded the e f f e c t o f f l ood ing . The Sowers formula, 
now becomes q . = ft' b tan*V , r e s u l t i n g i n a decrease o f s t r eng th by a 
r a t i o o f and n e c e s s i t a t i n g the cons t ruc t i on o f a new s e t o f curves 
f o r h o r i z o n t a l versus v e r t i c a l p r e s s u r e . F i g . 8. 
To obta in s e t t l emen t va lues , the same procedure i s followed as 
i s shown in the preceeding example fo r dry sands with the s u b s t i t u t i o n 
o f the 'flooded" p r e s s u r e - r a t i o curve fo r the "dry" . 
The next s tep i n the exper imental work was the determinat ion o f 
the a c t u a l s e t t l emen t o f a foundation on sand by means o f the p l a t e load 
t e s t s . Five d i f f e r e n t s i z e p l a t e s were used . These had areas o f one 
square f o o t , one and o n e - h a l f square f e e t , two square f e e t , th ree square 
f e e t , and four square f e e t . 
In order t o achieve a uniform dens i ty i n the t e s t p i t , the dry 
sand was c a r e f u l l y shoveled i n , wi th a throwing motion which s c a t t e r e d 
each shove l fu l r a t h e r than l e t t i n g the e n t i r e mass concen t ra t e a t one 
s p o t . At frequent i n t e r v a l s (approximately each twelve inches o f depth) 
the dens i ty was measured by means o f the "sand-cone" d e n s i t y appara tus . 
A very t h i n walled s t e e l l i n e r was pushed i n t o the s o i l f o r a depth o f 
s i x inches i n order to keep the s o i l from cav ing- in while digging the 
hoL3 f o r the dens i ty measurement. A s u f f i c i e n t number o f samples were 
taken from each l a y e r t o assure uniformity with the average o f the d e n s i t y 
measurements being 8 9 . 9 pounds per cubic f o o t . 
2 2 
After obtaining the required density, the plate load tests were 
performed, the soil being removed and replaced after each test. This 
was done to eliminate any effects of settlement on the density although 
checks showed negligible amounts of increase due to settlement. 
After completion of the tests on the dry sand, an entire series 
was performed in a flooded condition. The procedure for this series 
was to first drain the pit (for all but the first plate for which the 
sand was already in a dry condition), stir the soil and replace it at 
the correct density. Following this, the plate was put in position and 
water was slowly introduced through the pipe until the plate was 
approximately one-half inch below the water surface. The water level 
was held constant at this elevation and loads were applied to the plate 
in increments as in a standard test. 
The results of these tests (dry and flooded) were plotted as 
load-settlement curves and are shown in Figs. If? and 16. 
When compared with the measured settlements, the calculated 
settlements were found to be very much in error. See Fig. 17. In order 
to correct the differences, new curves of <J5 vs. Cf, were plotted which 
increased more rapidly from the initial conditions and approached a 
constant before failure. The shape of these curves was arrived at by 
noting the relationship between the total settlement and the settlement 
in the uppermost layer as determined for the three square foot plate 
from the straight-line curves. Working backward from the measured settle­
ments, values of Oh were plotted against G, widen would produce the modulus 
of elasticity required for these settlements. It should be borne in 
mind that the curve was correlated with the settlements of only the 
three square foot plate and that the good agreement of the other plates 
is due only to the relation between the various factors wldch are involved. 
CHAPTER V 
RESULTS 
The load-settlement curves of the plate load tests are shown in 
Figs. 15 and 16. With the exception of the largest plate, which has a 
steeper slope and a much smaller bearing capacity than seems reason­
able, the "dry" curves exhibit the characteristics commonly attributed 
to this type of test. As the width of the plate increases, the slope 
of the settlement curve becomes greater and the load carrying capacity 
is increased. 
Introduction of the neutral stresses caused by the inundation 
of the plates definitely increased the settlements of all plates except 
the largest, under which the water apparently decreased the settlements. 
There is no defined ratio between the settlement on dry sand and that 
on flooded sand with regard to plate size although the trend is for the 
percentage of increase to become greater with decreasing footing size 
at equal pressures. 
A study of the bearing capacity of the flooded plates reveals 
one of the basic weaknesses of the plate load test. The most common way 
of determining the bearing capacity by a load test is to extend the 
initially straight portion of the curve. With increasing pressures, 
the curve gradually becomes steeper until it Is once again essentially 
straight with a steeper slope. A tangent to this latter portion is 
constructed and made to intersect the extension of the initial straight 
2h l i n e p o r t i o n . This i n t e r s e c t i o n i s taken as the bear ing c a p a c i t y . 
As can be seen, the l a t t e r s tage of the f looded curves was 
g e n e r a l l y a t lower pressures and s t eepe r than t h e i r "dry" counterpar t s 
but the combination o f i nc reased i n i t i a l s lope and inc reased f i n a l 
slope gave apparent bear ing c a p a c i t y i n c r e a s e s i n some c a s e s . This 
could in t roduce a f a l s e sense of s e c u r i t y when i n t e r p r e t i n g r e s u l t s o f 
p l a t e load t e s t s on inundated foundations which would be s u b j e c t t o 
pos s ib l e lowering o f the water t a b l e . 
The f a c t t h a t the se t t l emen t curve o f the two square foo t p l a t e 
i s l e s s when inundated than when dry i n d i c a t e s the p o s s i b i l i t y o f a 
"bad" t e s t under the flooded condi t ions and a l l r e s u l t s should be studied 
wi th t h a t i n mind. 
The s t r e s s - s t r a i n curves e x h i b i t no s p e c i a l f ea tu res or d i s ­
qua l i fy ing c h a r a c t e r i s t i c s but r e v e a l the manner i n which the i n s t a n ­
taneous tangent modulus o f e l a s t i c i t y i s i nc reased f o r any given v e r t i c a l 
pressure as g r e a t e r va lues o f l a t e r a l p ressures a re employed. The Mohr 
envelop shows the angle o f i n t e r n a l f r i c t i o n t o be 3 6 ° . 
I t i s evident t h a t one of the most important assumptions i n t h i s 
method i s the v a r i a t i o n o f l a t e r a l pressure wi th v e r t i c a l p r e s s u r e . 
As s t a t e d p rev ious ly , t h i s i s an unknown but the re i s some evidence 
t h a t the curve as used i s t o some degree, q u a l i t a t i v e i f not q u a n t i t a t i v e . 
T s c h e b o t a r i o f f ( 9 ) repor t s some r e s u l t s o f c e l l t e s t s i n which 
0 j v s . 0, f o r a compacted sand i s as shown i n F i g . 1 8 . 
The f a c t t ha t t h i s curve has the same curved shape as the ones 
used i n the c a l c u l a t i o n s here in i s very important and a convincing 
argument for the v a l i d i t y o f t h i s method o f a n a l y s i s . The p l a t e load 
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test is essentially a greatly enlarged cell test since the strains are 
minute in relation to the volume; it is, therefore, logical to conclude 
that the stress relationships should parallel those obtained in a 
constant volume triaxial test* 
Although the method of assuming stress relationship curves based 
on the widths of the mid-heights of the incremental layers may be 
questioned, there is absolutely no question as to the fact that there 
is more settlement in the uooermost portions of the total layer and a 
partial progressive failure beginning in the region immediately under 
the footing. Consequently, the fact that the vertical load spreads 
horizontally must be accompanied by an increase in the bearing capacity 
of any deeper horizontal plane since the increased area now becomes the 
load bearing surface and corresponds to the increase attributed to one 
footing which is larger than another. 
Referring now to Figs. 9 through 13, the results of this investi­
gation are seen as curves of calculated settlement in comparison to 
those measured by the load tests. The primary objective of this thesis 
is therefore accomplished since the two curves are in good agreement 
for the range of pressures up to the elastic limit of the sand. 
Although there is need for refinement in method in order to calculate 
curves which are straight lines, this may not be feasible until more 
is known about the actual variation of lateral oressure with increasing 
vertical pressures* 
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Fig. 10. Calculated Settlement compared 
to Measured Settlement 
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11. C a l c u l a t e d S e t t l e m e n t compared 
t o Measured S e t t l e m e n t 
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FIG. 12. CALCULATED SETTLEMENT COMPARED 
TO MEASURED SETTLEMENT 
32 
LOAD—KSF 




FIG* 13- CALCULATED SETTLEMENT COMPARED 
TO MEASURED SETTLEMENT 
CHAPTER VI 
CONCLUSIONS 
The fol lowing conc lus ions have been reached from the r e s u l t s 
obtained i n t h i s works 
1 . The bearing c a p a c i t y and se t t l emen t c h a r a c t e r i s t i c s o f dry 
and flooded sands under loaded foo t ings are funct ions o f the width o f 
the f o o t i n g . Grea te r bea r ing c a p a c i t y and l a r g e r amounts o f s e t t l e ­
ment f o r equal pressures a re obtained as the width o f the foo t ing i s 
i n c r e a s e d . 
2 . The bear ing capac i t y and se t t l ement c h a r a c t e r i s t i c s o f 
sands a re in f luenced by f looding; the bear ing c a p a c i t y i s lowered and 
the se t t l emen t i s i nc r ea sed when the sand undergoes complete s a t u r a t i o n 
from an i n i t i a l l y dry s t a t e . 
3 . The bear ing c a p a c i t y i s not reduced by approximately one 
h a l f due t o submergence, as i s shown by theory , but t o a value somewhere 
between $0 and 100 per c e n t o f the dry s t a t e , probably around 75 pe r 
c e n t . 
h» The se t t l emen t s o f foo t ings on dry and flooded sands can 
be very c l o s e l y es t imated by the use o f i t s e l a s t i c p r o p e r t i e s f o r 




Although it has been shown that it is possible to calculate 
rather closely the contact settlement of foundations on sand, the 
variable which has the most importance on the results is the one about 
which the least is known. Since the method presented could have great 
import on foundation design it is worthy of further study, especially 
in the lateral pressure variation. Not only would findings be of 
value to foundation work but the field of earth pressure in general 
would benefit* 
In this investigation, flooding of the soil was done before any 
loads had been placed on the footing. Although designs are usually 
based on this procedure, the correct method would be to base calcula­
tions on the effect produced by a rising water table under an initially 
loaded footing. It is therefore recommended that a program of study 
be initiated with the purpose of determining just what relation exists 
between the flooded bearing capacity and settlement as given by load­
ing a footing on flooded sands and the corresponding values as 
determined by subjecting a loaded footing to a flooded condition. 
Additional study is also needed to determine the effect of 
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Loed-pei " \ 
1 sq. ft. 
Dry 
1 sq. ft. 
i Plooded 
I 
1.5 sq. ft. 
Dry 
1-5 sq. ft. 
Flooded 
500 .025 .039 .042 .027 
1000 •0V7 .086 .080 .087 
1500 .075 .146 .134 .170 
2000 .175 .207 .196 " .293 
2500 • 300 .272 .412 
3000 .530 .365 .587 
3500 •793 . - .485 • 791 
Table 3. Plate Load Test Data 
(Zero Corrected) 
Settlement - — inches 
^ \ P l a t e 
Load-psr^^ 
2 sq. ft. 
Dry 
2 sq. ft. 
Flooded 
3 sq. ft. 
Dry 
--
3 sq. ft. 
Flooded 
'500 -052 .073 .071 .078 
1000 .104 .149 .128 .152 
1500 .150 .232 .192 .241 
2000 .210 •330 .260 •335 
2500 .275 .428 
3000 .360 •536 .403 •541 
3500 .476 .640 
4000 .630 • 790 .606 •730 
4500 .850 .994 
5000 . . . . . . . . .921 
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